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Thefollowingsetof columnstrengthcurvesareintended
to simplifythemethodof determiningthesizeof strutsirian
airplanestructurewhentheloadin thememberis known,andto
simplifythecheckingof thestrengthof a strut,knowingthe
sizeandlength.
In thepastit hasbeencustomaryto computethesizeof a
strutby trialanderror,withtheuse of thebasicformulas,
or by theuseof nomographiccharts,whichwereconducireof
P
errorbecauseofthe necessityforreferringto tablestobe
.
* surethatthestrutcamewithinJohnson~sorEhler!srange.
Withthefollowingcurvesno computationsarenecessary,
as in thecaseof theold-fashionedmethodof strutdesign;no
straitedgeis neededto connectpoints,as in thecaseof the
nomographiccharts;no referenceneedbe madeto tablesto as-
certainthelimitinglengthof a strut,as thecurveforeach
sizestrutis completein itselfthroughtherangeoflongand
shortcolumns.Theprocessis so simplethatdraftsmenor oth-
erswhoarenot entirelyfamiliarwithmechanicscancheckthe .
r
*
strengthof a strutwithoutmuchdangerof error. If it is de-
sirabletouse thelightestukeavailableforthesme strength
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it canbe seenat a glancewhicharethelighter,becausethe
tubesascendtheordinateof zerolengthwithincreasingcross-
sectionalaxeaandhencegreaterweight.Therefore,if twoor
moretubesgivethesamestrengthfora givenlength,thelight-
estcan”be determinedbecauseitscurvewillintersectheordi-
nateof zerolengthinthelowestposition,If a member(asin
thecaseof
sizecanbe
usedas the
somefuselagemembers)is designedby tension,the
determinedfromthesechartsif theyieldpointis
allowabletensilestrength.Thetensilestrength
is to be foundon theordinateof zerolength.
Theideaofplottingcolumnstrengthcurvesin thisfash-
ionis notnew,but itwasnotuntilrecent’yearsthatstandaxd
sizesof tubingwe~edecidedupon,andto compilea familyof
curvesforeveryknomnsizewouldbe a tremendoustask.
Fi&ure1 is a setofbasiccolumncurvesforsteel. The
curvesme plottedtoEulerlslongstrutformula
andJohnsonlshortstrutformula,
E=fc. fca
.& AC fi2E
where(inbothformulas)
P = loadinpo~ds,
A= cross-sectional
,
~2()R)
ea of strut,
u = fixitycoefficient,
—
..
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E= modulusof elasticity,
.
b
L = lengthof strut,
R = radiusof gyrationof strutcrosssection,
fc = yieldpointof thematerialin compressionin
poundsper squareinch.
Johnsontsformulais fora parabolicurveandwasdevised
by Mr.J. B. Johnsonas a formulaforshortcolumnssinceshort
strutsdonotfollowEuler!slaw in actualtest. Thepointon
Euler~scurvewherethecolumnsbeginto departfromit,is the
pointoft~~encyof thetwoctuh?~$’tids on theordinatewhere
*
L= 12C IT2 ~R fc
Thesecurvesareusedinplottingthecurvesof Figures3 to11,
inclusive.Theycanbe usedfordeterminingthestrengthof
othersteelcolumnswiththesamephysic~ chaxacteristics$but
of variouscross-sectionalproperties~
Thefixitycoefficient
l
stxengthcurveshereinis a
of restraintof theendsof
C asusedin allthecolu.mrr.
constsntwhichdependson thedegree
thestrut,thatis,fora pin-ended
strut C = 1 andforan absolutelyfixed-endedstrut C = 4.
A theoreticalderivationof thiscsabe foundin suchstandard
.
textbooksas ‘AppliedMechanics,~lby FullerandJohnson,~d
‘StrengthofMaterials,’iby Morley. In airplanestructuresthe
f~xitycoefficientrarelyexceedstwo (2)andneverreaches
fo~ (4j. Thishasbeendeterminedby t~ing theresultsof a
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largenumberof statictestsandcomputingbackwardsto solve
forthevalue
a fuselageor
of C larger
Figure3
of Cl.Therefore,in a weldedstructuresuchas
a trussedwingbeamit is not safeto usea value
than2.
is a familyof columnstrengthcurvesformild
carbomstreamlinetubes. Theseshowtheaxialcompressionload
(inpounds)whichmaybe allowedon thevarioussectionshown
accordingto thelengthof thestrut. Thetubesarenot stand-
axdthroughoutheUnitedStates,but areusedextensivelyby
at leastone
ficientof1
practicei
Figures
company.Theyare
becausestreamline
4 and5 are columm
plottedonlyfora fixitycoef-
tubesareusuallypin-endedin
strengthcurvesformildcarbon
roundsteeltubeswithfixitycoefficientsof1 and2, respect-
.
ively. Alltubeson thesechartsaxetakenfromthestandard
listadoptedby theairplanemanufacturersandgovermaentdepart-
w.entsof theUnitedStates.Table A givesthelistof stand-
ardroundsteeltubes.
Figures6 to
roundsteeltubes
NotethatFigures
11 azecolumnstrengthcurvesforhighstrength
(eitherchrome-molybdenumornickelsteel).
10 and11 areforsteeltubesheat-treatedto
a yteldpointof 105,000lb./sq.in.Thesetubesareonlyadvan-
tageoustouse in shortlengthsbecausefortubesin Eulerii
range thestrengthisthesme as fortubesnotheat-treated.
Thecurve~forthesetubesareplottedonlyfora fi.xityof1,
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sinceanyweldingor operationwhichtendedto fixtheendswould
destroytheheattreatment.
In orderthatthemethodof plottingthesestrengthcurves
msybe betterunderstood,Table B containsthecomputations
forthreestrutson Figure6 andis typicalforallthecurves
thisreport.Shoulditbe desiredtoplotthecuxveforany
in
otherroundor streamlinedtubewhichisnoton thestandardlist
or foranyothersectionsuchas a square,angle,channelor tee
section,it isnecessarytocomputethe cross-sectional.areaand
theradiusof gyrationwbichis equalto thesquarerootof the
..
momentof inertiadividedby theareaor
r
L.R=A
Solvingfor L/R is a simpleslideruleoperation.When L/R
is foundforeachincrementoflengthdesired,thecorresponding
valueof P/A canbe takenfromFigures1 or 2 (dependingon
thematerialused)andthevalueof P canbe foundby snother
slideruleoperationby multiplyingthevalueof P/A by the
valueof A. Cautionmustbe exercisedto usethepropercurve
on Figures1 and2 asregardsthefixityof thestruttobe com-
puted.
FiWe 2 is thebasiccolumncurvesfordura,lumin.The
curvesareplottedto Euler~sformulaforlongcolumnsandthe
straightlineformulaforshortcolumns
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~ fora fixityof C = 1.A = 48,000- 400
g
= 48,000- 280 # fora fixityof C = 2.A
Thesymbolsarethesameas thoseforEulertsandJohnsonls
formulas.The straight-lineformullasrepurelyempiricsland
arebasedon testsconductedby theMaterielDivisionof the
ArmyAirCorps. Thepointof tangencyof thestraightlinesnd
Eulertsformulais approximatelyon theordinatewhere
L
E = 66.6forC = 1,
and
L
E = 114.0forC = 2.
Theseszetheapproximatepointswherecolumnsin actual
testceaseto followEulertslaw.
Figure12 is thecolumnstrengthcurvesfora proposed
standardlistof duraluminroundtubes(SeeTable C). Figure
12 wasusedinplottingthesecurves.Theyareplottedonly
for C = 1 becauseof thedifficultyin obtaininganydegree
of fixitywithduralumintubesinpractice. ~
Figure13 is thecolumnstrengthcurvesforchrome-molyb-
denumsteelstreamlinedtubes. Thesetubesaxeallon thepro-
posedstandardlistas shownin Table D. Mostof thesetubes
areavailablefromanAmericansteeltubemanufacturingconcern.
Thecurvesareplottedfora fixitycoefficientof 1 because
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moststrutsthatarein theairstreamandaxenecessarilystream-
linedarepin-ended.
Allthesecolumnstrengthcurvesareusedin thesameman–
ner andneedverylittleexplanation,butletus takean exam-
ple. Supposewe havea memberin a fuselagestructure.The
fuselageisentirelyweldedsothatwe cansafelyfigureon a
.
fixityof 2 (C= 2). Thememberis60 incheslongandhasa
compressionloadof 18,!500poundsforoneconditionof design,
anda tensionloadof 26,000poundsin anotherconditionof de-
sign. Ifwe areusingchrome-molybdenumsteelwitha yield
pointof60,000poundsper squareinch,we mustreferto figure
.8. Herewe followup the60-inchordinateuntilwe getto the
abscissaof 18,500pounds.We seethatforthecompressionload
we havean optionof threetubes: 2{1X .0651i,1-3/4!!X .083!1,
or 1-1/211x .120”11.Thefiistis thelightest‘tube,butitwill
not takethetensionload; thesecondis goodfor26,200pounds
tensionandwillprobablybe thebestto use. However,iffor
.
somereasonwe wmted to conservepaceby usinga smalldiame-
tertube,we couldusethe1-1/2!1X .120!1and
strengthinbothter.sionandcompression.
Takeanotherexample:Supposewe havea
haveplentyof
chrome-molybdenum
tubeweldedin at bothen’dsandwe w~t to knowitsstrengthin
compression.Thetubeis l-7/8~~o.d.X .058!1wallX 551tlong.
R~ferri.ngto Figure8, we seethatthetubeisgoodfor16,000
poundscompression.If we taketheyieldpointas thetensile
..
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strength,thetubewillbe goodfor17,150
if we havea goodfittingon theendwhich
thefullstrengthof thetube,or,say,at
per,squareinch,we canmultiply17,150by
thisand’addit to it,givingus a tensile
8
poundstension.Now,
we thinkcandevelop
least90,000pounds
1.5or takehalfof
strengtliof 1?,150
poundsplus8,575poundsequals25,725pounds.
Figures14 and15 szeusefulweightcurvesforroundtub-
ingandneedn-oexplanation.Notethattheweightof chrome-
molybdenumstreamlinetubescanbe determinedfromFigure14
sincethestreamlinetubehasthessmecross-sectionalreaas
itsbasicroundtube.
.
.
.
.
..
.
TABLEA
StandardSeamlessRoundSteelTubes
=
forAirplaneStructwes *
Mild ctzrbonsteel
Steel#1020or#1025
G\
3/16 x
l/4 x
5]16 x
1’ I X1X1X1X
l-1/8 !xixl X!
1-1]4 / x x’ X1X
1-3/8 x
1-1/2 x :1X’
1-5/8
1.-3/4
1-7/8 I x :!:
2 x
2-1/4 [x
24 f2 i2-3/4 I II
.Oa
14
x
x
x
,:
c1
.035
20
x
x
x
x
x
.048
18
x
Y--
x
x
x
x
x
J_Chrome+nolybdexnnn‘lOy ‘teel .2330nickel
1
.058 .066
17 16
x
x
x
x
x
x
x
x x
x x
x
.083
14
x
x
x
---i-
x
x
.095 .12015/32 3/16
13 11 ‘
x x
x x
x
x x
x
x x
x x
x x
1:
#
. ,
.
TK6Ul!B
S&spleComputationsfor ColumnOurves
,
“E
-i--
0
10
20
30
40
50
50
70
w
90
100
110
m
1-5/8”x .0@#18
~ .557”
L/R
17*95
35.8
53.7
71.7
69.6
107.6
125.5
143.5
161.4
178.5
197.0
;s 1
P/k
60000
58700
5EJ300
51000
437(X)
34400
24500
18000
13KnY
10900
8B30
7400
= .243
P
MzOO
14300
13EO0
KMca
10600
E350
595Q
4370
336Q
26.50
2140
lmo
R
L
o
10
20
30
40
50
a
70
80
90
100
no
120
l-6./8n X .059!#17
.568
L/R
18.1
36.2
54.1
72.3
90.4
108.4
126.5
144.6
162.6
181.0
198.5
!=l
P/A
58700
65800
50800
43300
33600
24M0
17700
13E00
10700
8700
7300
= .286
P
17150
16830
15950
14500
1.2400
9W0
6900
50E0
3890
3090
2490
2090
R= .&o c = 1 ‘“,
L L/R P/A
o - HloOo
10 16,6 58800
20 33.3 5650U
30 50.0 52200
40 66.6 45700
60 63.4 3’7700
60 100.0 28300
70 116.8 20800
60 133.3 16000
90 150.0 12500
lm 166.6 10100
110 163.4 85C0
120 200.0 7200
= .2(%3
P
158fxl
15450
14850
13720
12020
9910
7440
5470
4210
3290
26&)
2240
1890
Thesessmplecomputationsare for roundchrome-molybdenumtuheawitha yieldpointof 60,000lb./sq.ln.
L-
R=
P=
A=
lsngthof strut
radiusof gyration
axialload in pounds
areain squareinches.
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TABLEC
ListofDuraluminRoumdTulcesI&oposedStsndard
outside
diameter
Inches
1-
.035
#20
Wallthickness- InchesandB.W.G.
.065
#16
.063
#14
.095
#13
.120
#11
1/2 x
5/8 x
3/4 x
7/8 x
x
x
x
x
x
1 x
1-1/8 x
1-1/4 x
1-3/8
x
x
x
x
x
x
x
x
x
x
1-1/2
1-5/8
1-3/4
1-7/8
x
x
x x
x
x
x
x
x
x
x
x
x
x
x
2 I x x x
x
x
x
2-1/4
2-1/2
2-3/4
x
xx
x.
.
3 I x
9
.
.
. .
,’
. .
TABLED
Propertiesof SeamlessStreamlineTubes
2
Drawnstreamlinetube &
.
Basic roundtube Drawnstreamlinetube BaBicroundtube
O.D.
1-7/8
2“
2-1/4
2+2
2-3/4
3
Hall
thiok-
ness
Area
1
Wall I IM4jor TMajorMinorads axish))...2.52Ei:..071
2.6971.143
3.0351.286
Z.3721.429
3.7081*571
4.0461.714
O.D. 1=
Minor
w
0.643
0.73.4
0.786
0lW
0.928
1.0(%3
1.071
.
.
,
i
.
thick-
ness
Area -(5s
0.1199 1.61?
0.1336 1.685
0.1848
0l1473 1.855
0.2041
0.2234 2.023
0.2628
0.2426 2.182
0.2855
0.26M 2.360
0.3083
0.3441
0.2811 2.528
0.2251
0.2509
0.2482
0.2767
0.2740
0.299?
0.2979
0.3255
0.3238
0.3514
0.3486
0.3481
0.3807
0.058
0.065
0.058
0.065
0.058
0.065
0.CK35
0,083
0.065
0.083
0.065
0.3311
0.3”696
0.3539
0.3951
0.3994
o.44&2
0.4972
0.6302
0.5493
0.6954
0.5993
0.04664
0.05168
0.06693
0.06313
0.08187
0,09088
0.I.2576
0.15710
0.16$359
0.21104
0.22018
Q.27611
0.3754
0.3739
0.4011
0.3997
0.452’7
0.4513
0.5029
0.4993
0.5545
0.5508
0.6061.
0.6026
1-1/8
1-1/4
MIS
1-1/2
1-5/8
l-3/4
1-7/8
0.035
0.035
0.048
O.(X35
0.049
0.048
0.058
0.048
0.058
0.049
O.o!n
0.065
0.048
0.00608
0.00841
0.01139
0.0Ki28
0.01532
o.&Mo7
0.02333
0.02571
0.CE993
o.CG332
0.03767
0.041’70
0.04!)73
i!!
0.083 0.7606
.0
G
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